Children performances on condition c) did not support the peers-prejudice theory, since no significant differences were found among children on their ability to decode either facial expressions of adults or children. Middle aged adults were significantly more accurate in decoding adult rather than children faces. No significant gender differences were found in the four conditions, even though significant interactions were found between emotional categories and gender of stimuli. In particular, the gender of stimuli had a significant effect in condition a) where emotional faces portrayed by male children are more accurately decoded than those portrayed by female children. Several significant interactions were observed between emotional categories, participants' age, and gender of stimuli. Details are discussed in the text.
I. INTRODUCTION
The correct decoding of emotional facial expressions plays a fundamental role in enabling individuals to successfully communicate and enter into social relationships. The face is a fundamental element in fostering emotional bonds and, from birth, the primary locus of communication and interaction among human beings. The results of a series of developmental studies on the correct decoding of emotional facial expressions have shown that it progresses with age. This is because the necessary skills to allow a correct evaluation and classification of non-verbal information evolve gradually in the course of child's neurological maturation, and their individual cognitive development (Carver et al., 2003; Herba & Phillips, 2004) . During childhood, the recognition of emotional facial expressions is not the same for every single emotion. Durand et al. (2007) , in a study involving 100 children aged 5, 7, 9 and 11 years and 26 adults aged between 18-29 years, showed 36 photographs (13 males, 23 females), with vertical or upsidedown faces, each expressing a single emotion among anger, disgust, fear, happiness, sadness, and neutrality. The task was to select an emotional category for each stimulus and define its intensity on a Likert scale from 0 to 10. The results showed that the recognition of happiness and sadness seems to develop accurately around 5-6 years, with a level of precision very close to that of adults. Fear, on the other hand, does not reach the adult level up to 7 years, anger needs 2 more (9) years, and disgust 4 more (11) years. The authors suggest that the lower accuracy of children than adults in recognizing these emotional categories does not imply that children do not feel these emotions. Rather, their poor ability to recognize them derives from a lack of experience on how these emotions modify facial expressions. Lawrence et al. (2015) investigated the recognition accuracy of the six primary emotional facial expressions on a sample of 478 subjects including children aged 6-11 years and adolescents aged 11-16 years. For this study a computerized version of the Ekman-Friesen Pictures of Facial Affect test (Ekman & Friesen, 1976 ) was developed. A total of 60 pictures were presented individually (10 for each emotion) and participants had to click with the mouse on the emotion label (happy, sad, angry, frightened, disgusted and surprised) that best described what they thought was the expressed sentiment. The results showed that accuracy in recognizing facial expressions of happiness, sadness and anger does not differ significantly among children aged between 6 and 16 years. However, the recognition accuracy of fear, disgust and surprise significantly differ among 6 year olds and adolescents. Widen (2013) suggested that children have a systematic way of understanding and interpreting facial emotional expressions and other emotional signs. Children start to classify them as "feels good" or "feels bad", and gradually their emotional categories resemble those of adults. The confirmation of the age temporal discrepancy in the recognition of facial emotional expressions comes from another study conducted by Rodger et al. (2015) which demonstrates that the ability to decode such expressions increases from 5 years up to adulthood for all the emotional categories of happiness, fear, disgust and surprise. In contrast, the recognition of facial expressions of sadness and anger remain unchanged from infancy to adulthood.
In a study by Calder et al. (2003) on the recognition of emotional facial expressions in adult life, participants were divided into two groups: 24 subjects between 18-30 years and 24 aged between 58-70 years. They were shown emotional faces of the six primary emotions and asked to assign them one of the six emotional labels that best described the face stimulus. It was found that, while aging, the ability to recognize facial emotional expressions of fear, anger and sadness decreases significantly compared to the group of youngest participants. These results were confirmed by another research (Isaacowitz et al., 2007) conducted on three groups of participants: young: 18-39 years, middle-aged: 40-59 years, and seniors: 60-85 years. Subjects were presented emotional faces, in paper mode, and had to select one of the seven emotional labels (happiness, anger, surprise, fear, disgust, sadness and neutral) that best described the stimulus. The authors observed an increased difficulty in recognizing facial emotional expressions of fear and anger with increased age. Furthermore, by comparing the recognition of emotional expressions of the young, middleaged and senior subjects, the authors find that the last two age groups have comparable performances. The authors concluded that there is less precision in facial emotional recognition skills from middle age. Calder et al. (2003) attribute these results to cognitive deficits due to aging, reporting evidence that the amygdala and hippocampus show neuronal loss and age-related neuronal atrophy through magnetic resonance imaging.
It must be noted that there can be different factors affecting the ability of children and adults to recognize emotional facial expressions, such as for example, the complexity of the task. Bruce et al. (2000) showed that 6 year old children had decoding performances almost similar to adults when they had to indicate between two faces which were happy, sad, angry or surprised. However, when they had to select between two emotional faces expressing the same emotion as a third face, a good level of accuracy was achieved only by 10 year olds (Durand et al., 2007) . In addition, gender can play a role. It has been shown that both genders are competent in recognizing a wide variety of emotional facial expressions (Hall & Matsumoto, 2004 ). When differences are reported, they typically show a female advantage (Biele & Grabowska, 2006; Mancini et al., 2013) . Another factor influencing the accuracy of the emotional recognition task concerns the characteristics of the presented stimulus. In experiments involving children, stimuli that portray adult faces can result in an underestimation of their ability to correctly decode facial emotional expressions. This is because of an "age-related prejudice" that emerges as the consequence of a social re-orientation towards peers during the developmental period (Scherf et al., 2012; Proietti et al., 2014) . It is possible that those same emotional facial expressions, seen on faces of the same age, can be better recognized by peers. Finally, many experimental studies assessing children and adults' ability to recognize facial emotional expressions exploit the Ekman-Friesen Pictures of Facial Affect test, i.e. monochromatic photographs of adults selected during the '70s portraying the six primary emotions of joy, anger, fear, surprise, disgust, and sadness. It is possible that the grayscale photographs of people wearing old-fashioned clothes, makeup and hairstyles, engender different answers compared to more recent and contemporary photographs, producing biased results from differently aged groups.
In light of these considerations, the present work aims to investigate differences in the ability to recognize facial emotional expressions in a specific age group of children, aged between 7.1-7.6 years, and compare their performance with those of middle aged (50-60 years) adults. To this aim, two sets of facial emotional stimuli will be used, representing contemporary emotional facial expressions of the six primary emotions portrayed by both children and adults respectively. The paper aims to investigate at which age and for which gender the recognition is facilitated and whether contemporary children or adult faces are better decoded by peers.
II. MATERIALS AND PROCEDURES
The present research focus on the following objectives: 1. Assess differences between children and middle aged adults in their ability to decode the six primary emotional facial expressions portrayed by contemporary faces of children and adults respectively; 2. Assess gender effects both of participants and stimuli. 
A. Material
The stimuli exploited consisted of 24 adult and 24 child faces portraying the six primary emotional facial expressions of happiness, sadness, anger, fear, surprise, and disgust. Each emotion was represented by two male and two female faces of children and adults. The stimuli were selected from two larger sets of stimuli, composed of 84 contemporary children faces (14 stimuli for each emotion portrayed by 7 males and 7 females), and 96 contemporary adult faces (16 stimuli for each emotion portrayed by 8 males and 8 females) respectively. Such sets of stimuli were previously assessed by two groups, each composed of 40 participants aged between 20-30 years (mean age=26.22, SD=±2.87). For the assessment, subjects were presented emotional faces on a computer screen, and had to select one of eight emotional labels (happiness, anger, surprise, fear, disgust, sadness and another emotion, no emotion) that best described the stimulus. In this way, it was possible to assign to each stimulus an accuracy score computed as the percentage of participants' agreement in attributing to the stimulus a given label. The 48 stimuli selected for the present research work were among those that received the highest percentage of label agreements (between 80% and 100%), meaning that they were the best accurately decoded. For the present work, six more stimuli were considered from this database (3 of children and 3 of adults) to be exploited in the training phase of each of the two emotional facial recognition tasks proposed to participants. Figure 1 reports examples of the exploited stimuli.
B. Participants
A total of 80 participants were recruited, 40 children (20 females) aged between 7.1 and 7.6 years (mean age=7.4; SD= ±0.2), and 40 adults (20 females) aged between 50-60 years (mean age=54.3; SD=±2.9). The recruited children attended the primary school at the Duca D'Aosta Institute in Napoli, Italy. The adults had all obtained a diploma and were recruited among the regular attenders at Santa Maria della Libera oratory in Napoli, and the employees of the Civil Protection Department in Rome, Italy. Each group of 40 was divided in two groups of 20 equally balanced between males and females, which were separately administered the adults and children face tests, respectively. Both adults and children's guardians voluntarily accepted to participate, and signed an informed consent statement. For children, the authorization for conducting the proposed research activity was also given by the Dean of the Duca D'Aosta institute, which acted as representative of the school ethical committee.
C. Procedure
Four emotional facial recognition tests were administered, two to adults and two to children, proposing respectively adults and children emotional faces. The visual stimuli were administered individually, through the Superlab software in a quiet room. Each participant saw either only adult or only child emotional facial expressions, presented on a computer screen, and had to select one of the eight labels (happiness, anger, surprise, fear, disgust, sadness, another emotion, and no emotion) that best described the stimulus. No feedback on the accuracy of the response, and no time limits were given.
III. DATA ANALYSIS
A series of repeated measure ANOVAs were performed on the correct decoding accuracy obtained by children and adults for the four different conditions under examination: a) Children and middle aged adults assessing child faces; b) Children and middle aged adults assessing adult faces; c) Children assessing adult and child faces; d) Middle aged adults assessing adult and child faces. The ANOVAs were performed on the accuracy responses provided by children and adults. The between factors were the gender (females and males) and age (children and adults) of participants for condition a) and b) and the gender (females and males) and type of stimuli (adult and child faces) for condition c) and d). The within factors were the emotional categories (joy, anger, surprise, fear, disgust and sadness), and gender of the stimuli. The confidence interval was set to alpha=.05. 
A. Chidren and middle aged adults assessing children faces
No significant differences emerged for age (F(1,36)= .358, p=.133) or gender (F(1,36)=.107, p=.747). Children and middle aged adults do not show significant differences in their ability to decode emotional facial expressions of children, even though, children (mean=1.558, SD=±.06) seem to be more accurate than adults (mean=1.421, SD=±.06) as illustrated in Fig. 2 . Significant differences were found between emotional categories (F(5,180)=10.388, p<<.01), suggesting different recognition accuracy depending on the emotion. Bonferroni's post hoc tests show that child happiness is significantly more accurately decoded than anger (p<<.01), fear (p<<.01), disgust (p<<.01) and sadness (p =.036) by both children and adults.
Significant differences were found with respect to the gender of stimuli (F(1,36)=7.604, p<<.01). Bonferroni's post hoc tests revealed that stimuli portrayed by male children (mean=1.558, SD=±.04) are better decoded than those portrayed by female children (mean=1.421, SD=±.05), challenging the hypothesis that female faces are more emotionally expressive than male faces. A significant interaction was found between emotional categories and gender of stimuli (F(5,180)=8.214, p<<.01). Bonferroni's post hoc tests revealed that both children and adults were more accurate in the decoding of male rather than female faces of anger (p<<.01) and fear (p<<.01).
A significant interaction was found between groups (children or adults), and emotional categories (F(5,180)=3.442, p<<.01). Bonferroni's post hoc tests revealed that children were more accurate than adults in the recognition of child faces of anger (p=.011).
B. Children and middle aged adults assessing adult faces
No significant differences were found between children and adults (F(1,36)=1.184, p=.284), and gender (F(1,36)=.161, p=.691). Children and middle aged adults recognize emotional facial expressions of adults similarly, even though, children (mean=1.579, SD=±.05) seem to be less accurate than adults (mean=1.658, SD=±.05), as illustrated in Fig. 3 . Significant differences were found between the emotional categories (F(5,180)=15.022, p<<.01). Bonferroni's post hoc tests revealed that adult fear is significantly less accurately decoded than happiness (p<<.01), anger (p<<.01), surprise (p<<.01), disgust (p<<.01), and sadness (p<<.01), by both adults and children.
A significant interaction was found between emotional categories and age group (F(5,180)=3.444, p<<.01). Bonferroni's post hoc tests showed that adults were more accurate than children in recognizing the adult faces of surprise (p<<.01). Analyzing separately children and adult performances, it was found that adult's fear is significantly less well recognized by children than happiness (p<<.01), anger (p<<.01), disgust (p<<.01) and sadness (p<<.01). Adult fear is significantly less well recognized by adults than anger (p=.048), surprise (p<<.01) and disgust (p<<.01), and surprise is significantly better recognized by adults than sadness (p<<.01).
A significant interaction between emotions and gender of stimuli was found (F(5,180)=2.550, p=.029). Bonferroni's post hoc tests showed that stimuli of happiness portrayed by adult females were significantly more accurately decoded than stimuli of happiness portrayed by adult males (p<<.01), and stimuli of sadness portrayed by adult males were significantly more accurately decoded than stimuli of sadness portrayed by adult females (p=.036), suggesting that the gender advantage may be contingent on the emotional category.
C. Children assessing adult and children faces
No significant differences emerged for the age of stimuli. Children recognize equally well emotional facial expressions portrayed by children and adults (F(1,36)=.069, p=.795) as illustrated in Fig. 4 . In addition, male and female children have the same performances (F(1,36)=.794, p=.379). Significant differences were found among emotional categories (F(5,180)=7.807, p<<.01). Bonferroni's post hoc tests revealed that children decoding of fear is significantly less accurate than happiness (p<<.01), anger (p<<.01), disgust (p<<.01), and sadness (p<<.01), not matter whether this emotion is portrayed by children or adult faces.
A significant interaction was found between adult and child faces with emotional categories (F(5,180)=4.247, p<<.01). Bonferroni's post hoc tests revealed that children are significantly less accurate in decoding disgust in child faces rather than in adult faces (p<<.01), and fear in adult faces rather than in child faces (p=.012). Moreover, children who have seen only adult faces were significantly less accurate in decoding adult faces of fear than adult faces of happiness (p<<.01), anger (p<<.01), surprise (p<<.01), disgust (p<<.01), and sadness (p<< .01). On the other hand, children who have seen only children faces, were significantly less accurate in decoding children faces of disgust than children faces of happiness (p=.18) and anger (p=.022).
A significant interaction was found between adult and child faces with the gender of stimuli (F(1,36)=4.610, p=.039). Bonferroni's post hoc tests revealed that female child faces are significantly less accurately decoded than male child faces (p=.013) challenging again the female advantage hypothesis.
A significant interaction was found between emotional categories and gender of stimuli (F(5,180)=2.437, p=.036). Bonferroni's post hoc tests revealed that children are significantly less accurate in decoding female than male faces of anger (p=.036) and fear (p=.020), suggesting that any gender advantage may be contingent on the emotional category.
Significant interaction was found between emotional categories, gender of stimuli, and age of stimuli F(5,180)=3.483, p<<.01). Bonferroni's post hoc tests revealed that children are significantly more accurate in decoding fear on male child than male adult faces (p<<.01), while disgust is
D. Adults Assessing Adult and Children Faces;
A significant difference emerged for the age of stimuli (F(1,36)=8.066, p<<.01). Adults are significantly more accurate in decoding adults (mean=1.658) rather than child faces (mean=1.421) as illustrated in Fig. 5 . Male and female adults have the same performance (F(1,36)=2.386, p=.131) . Significant differences were found among the emotional categories (F(5,180)=13.148, p<<.01). Bonferroni's post hoc tests revealed that adults decoding of happiness (mean=1,775) is significantly more accurate than anger (mean=1.438, p=.021), fear (mean=1.263, p<<.01), disgust (mean=1.438, p<<.01), and sadness (mean=1.475, p<<.01). The decoding of surprise (mean=1.850) is significantly more accurate than anger (p<<.01), fear (p<<.01), disgust (p<<.01), and sadness (p<<.01), while there are no significant differences between happiness and surprise.
A significant interaction was found between the age of stimuli and emotional categories (F(5,180)=7.920, p<<.01). Bonferroni's post hoc tests revealed that adults are significantly more accurate in decoding adult faces rather than child faces of anger (child mean=1.200, adult mean=1.700, p<<.01), surprise (child mean=1.750, adult mean=1.950, p=.034) and disgust (child mean=1.050, adult mean=1.825, p<<.01). In particular, adults who have seen emotional facial expressions of children are significantly more accurate in decoding child faces of happiness (mean=1.850) rather than child faces of anger (mean=1.175, p<<.01), fear (mean=1,275, p<<.01), disgust (mean=1.050, p<<.01), and sadness (mean=1.425, p<<.01). Child facial expressions of surprise (mean=1.750) were decoded by adults significantly more accurately than child facial expressions of anger (p<<.01), fear (p<<.01), and disgust (p<<.01). On the other hand, adults who have seen adult faces are significantly less accurate in decoding adult faces of fear (mean=1.250) than adult faces of happiness (mean=1.700, p=.02), surprise (mean=1.950, p<<.01) and disgust (mean=1.825, p<<.01), as well as, significantly more accurate in decoding adult faces of surprise (mean=1.950) than happiness (mean=1.700, p=.02), fear (mean=1.250, p<<.01), and sadness (mean=1.525, p =.02).
A significant interaction was found between emotional categories and gender of stimuli (F(5,180)=3.167, p<<.01 ). Bonferroni's post hoc tests revealed that male faces of anger are decoded significantly more accurately than female faces of anger (p<<.01).
A significant interaction was found between age of stimuli, gender of stimuli, and gender of participants (F(1,36)=4.309, p=.045). Bonferroni's post hoc tests revealed that female participants decoded male adult faces significantly more accurately than female adult faces (p=.046). Inversely, male participants decoded female adult faces significantly more accurately than male adult faces (p<<.01).
IV. DISCUSSION
This work is an attempt to systematically investigate whether there are differences between children and middle aged adults in their ability to decode the six primary emotional facial expressions when portrayed by contemporary faces of children and adults. An objection made to previous experiments was that they exploited stimuli of non-contemporary faces (as in Lawrence et al. 2015) , or that the recognition tasks proposed was made more difficult by requiring implicit cognitive efforts such as vertical or upside-down faces (as in Durand et al. 2007 ). The choice to compare performances of middle aged adults and children of close age was made considering that both age groups experience changes in thinking, behaving, and feeling. However, while the developmental period is characterized by rapid (from one year to another children change radically) physical, cognitive, and socioemotional changes, during aging similar changes are observed over one or two decades. This justifies the recruitment of children close in the age and middle aged adults which age spans over a decade. According to our first hypotheses, it was expected that children will be more skilled in decoding emotional faces of their peers and the reverse would have been observed for adults as result of the "age-related prejudice" brain maturation, and brain aging factors (Calder et This hypothesis was disconfirmed, since no gender differences were observed, neither when recognition accuracy was assessed on children faces, nor on adult faces, or both. These results suggest that both genders, no matter whether they are children or middle aged adults are competent in recognizing a wide variety of emotional facial expressions and the differences but not in favor of female faces, since in the condition a) it was observed that stimuli portrayed by male children (mean=1.558, SD=±.04) are more accurately decoded than those portrayed by female children, and that the gender advantage seems to be contingent on other factors such as emotional categories and participant gender. Also this facet deserves to be more investigated. Additionally, among adults we noted a significant opposite-gender decoding asymmetry: males more accurate at decoding females than males; females more accurate at decoding males than females. In summary, when the recognition task requires only to assign an emotional label to contemporary emotional faces of either children or adults, emotional categories play the major role on the recognition accuracy of both children and middle aged adults. Emotional categories are shown to interact significantly with other factors such as age of participants, age of stimuli, and gender of stimuli, suggesting that the six primary emotions weigh differently on the human perceptual ability to recognize them as a function of contextual instances. These facets deserve to be more investigated when the implementation of emotionally and socially behaving user interfaces is on the stage.
V. CONCLUSION
This work, as suggested by one of the reviewers, focus on purely natural cognitive capabilities, i.e. the human ability to decode emotional faces. However, the hope is that the reported data provide the basic knowledge needed for a better modeling of artificial cognitive capabilities such as the automatic recognition of faces on mobile platforms, automatic detection of empathic actions/reactions, and synthesis of sympathetic or 
